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(57) Abstract 

A technique for allocating fre- 
quencies in a cellular communication 
system. The frequency reuse plan 
divides all available frequencies into 
six groups with the frequencies as- 
signed in an ascending index order 
modulo 6. A three cell reuse plan 
is implemented widi six 60" sector- 
ized antennas per cell, and two fre- 
quency groups being assigned for use 
in each cell. The channel groups are 
allocated to the sectors such that no 
two adjacent sectors use the same fre- 
quency groups. As a result, an effec- 
tive times one frequency reuse plan 
is implemented. A frequency assign- 
ment process which attempts to avoid 
assigning the same frequency to amo* 
bile which is located in the outer por- 
tion of a sector which is also in use in 
potential interfering outer sectors of 
homologous cells insures that carrier 
to interference (CVI) ratio minimums 
can be met without specialized en- , 
coding techniques. 
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A METHOD FOR OBTAINING TIMES ONE FREQUENCY REUSE IN WIRELESS 

COMMUNICATION SYSTEMS 



FIELD OF THE INVENTION 

This invention relates generally to cellular radio frequency communications and in 
particular to a technique for assigning frequencies to mobile units according to a reuse pattera 

BACKGROUND OF THE INVENTION 

The ever-increasing demand for wireless communication services, such as cellular mobile 
telephone (CMT), digital cellular network (DCN), personal communication services (PCS) and 
the like, requires the operators of such systems to attempt to make maximum effective use of the 
available radio frequency bandwidth. Consider, for example, that a system operatar is typically 
allocated a geographic territory and a certain amount of bandwidth that affords the ability to 
transmit and receive on a particular number of different channel frequencies. In an effort to 
make the best use of the allocated frequency space, the geographic territory is divided into a 
number of sub-areas called cells. A number of radio base stations are deployed throughout the 
assigned territory, with there typically being one base station located in each cell. Transmission 
power levels are then kept low enough so that mobile units in adjacent cells do not interfere with 
each other. 

The system operator theii detennines how tp split up his allocated frequency channels 
among the cells. Often, an extensive study is necessary to deternune how to best allocate the 
channels to the available cells. This study attempts to minimize the interference between 
adjacent base stations while also determining how to best reuse the channels, that is, how to best 
allocate respective channels to more than one base station, in order to maximize channel 
availability in the service area. 

In the process of performing such a study, cellular system designers generally rely upon 
an idealized model of cell placement, which is usually assumed to be a grid of hexagonally 
shaped cells overiying the service area. The object of the frequency planning process is to reuse 
each frequency as often as possible within the service area. Cells which reuse the same 
frequency set in this manner are referred to as homologous celk. 
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In general, reusing a frequency in every Mth cell thus means that 1/Mth of all frequencies 
are available in any given cell It is therefore desirable to select an M-cell frequency assignment 
pattern, with M being as small as possible, in order to increase the capacity for handling mobile 
units in each cell. 

In one common cellular frequency reuse scheme, directional antennas are deployed at 
every alternative comer of a cell to illuminate each cell. In this manner, channel assignments 
may be made in a repeating pattern of seven cells, until the entire area under control of the 
service provider is covered. 

United States Patent No. 4,128,740 issued to Graziano and assigned to Motorola, Inc. 
discloses another frequency allocation plan. Each cell site in that scenario is divided into six 
sectors. The frequencies available to the service provider are then divided among the six sectors 
such that adjacent channel interference is avoided for a given sub-anay of four cells. 

Another pattern which provides a reuse factor as low as two is disclosed in U.S. Patent 
5,073,971 also assigned to Motorola, Inc. This is accomplished through asynunetrical 
positioning of the repeating patterns so that they radiate towards one another in alternating rows. 

Such schemes which reduce the reuse factor to a minimum value are at odds, however, 
with the fact that as M decreases, so does the distance between the homologous cells, so that the 
amount of interference between users of the same frequency in different cells increases. This 
interference between users of the same frequency in homologous cells is called co-channel 
interference. The ratio between the power of the desired carrier signal C and the co-channel 
interference I is often referred to as the carrier to interference ratio (C/I). Thus, as the reuse 
factor M decreases, this C/I ratio is nomially expected to increase. 

It is accepted wisdom that the conventional seven-cell reuse pattern provides adequate C/I 
ratios between homologous cells in systems making use of the Advanced Mobile Phone Service 
(AMPS) protocol, which is dictated by that standard to be 1 7 decibels (dB). 

However, the above-mentioned four-and three-cell reuse patterns are typically understood 
to fall short of providing the necessary carrier to interference level for AMPS. Such three and 
four-cell reuse patterns are thus typically believed to only be practical in systems making use of 
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Other transmission techniques such as digital cellular systems that use code division multiple 
access (CDMA) or time division multiple access (TDMA) to achieve coding gain. The coding 
gain provided by such systems thus provides the ability to tolerate a lower C/I ratio without 
degradation of the service provided to homologous cells. 

What is needed is a way to genuinely obtain a high degree of channel reuse by 
partitioning the use of frequencies among sectors, without also imposing a need for coding 
schemes and the like to minimize adjacent channel interference. 

DESCRIPTION OF THE INVENTION 
Summary of the Invention 

Briefly, the invention is a cellular communication system which employs a number of 
base stations that each include an array of six directional sector antennas. The sector antennas 

0 

are centrally located in each cell to radiate into a sub-portion of the cell such as a sixty (60) 
degree arc. Each sector has a group of frequencies assigned to it that is the same as the group of 
frequencies assigned to two of the other sectors within that same cell. Thus, there are two 
different groups of frequencies assigned to each cell. These patterns of two frequency groups are 
then repeated in homologous groups of three, to effectively provide the same reuse level as a 
one-cell frequency reuse pattern. 

The invention further provides a way to implement this one-cell frequency reuse level for 
practical use in AMPS-type signaling environments by further dividing the frequencies assigned 
to a particular sector into inner and outer sub-sectors. In one preferred embodiment, the 
boundary between iimer and outer sub-sectors is located at a position which divides the area of 
the sector into equal area sub-sectors, so that on average one-half of the mobile units are located 
in each of the sub-sectors. 

Frequencies in use in a particular sector of interest are then designated according to a 
particular algorithm, such that whenever possible, the frequencies assigned for operation in the 
outer sectors of adjacent homologous cells are mutually exclusive. 
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This is accomplished by perfonning a frequency assignment procedure as follows. When 
a new mobile imit requests service from a base station in a particular cell, the base station first 
determines whether the new mobile is in the inner or outer sub-portion of the corresponding 
sector. This determination may be made in a number of ways, such as by using conventional 
received signal strength indication (RSSI) measurements to determine the power level of the 
carrier signal received by the base station from the mobile unit. 

If the mobile is in the inner sub-sector, then any available frequency not already in use 
from the frequency set assigned to the sector is assigned to the new mobile unit. 

If, however, the new mobile is located in the outer sub-sector, then the frequency 
assignment process attempts to frnd a frequency which is not already in use in the potentially 
interfering outer sectors of the nearest three homologous cells. 

This procedure can be described more particularly as follows. Designate Z as the set of 
frequencies assigned for use in the sector where the new mobile is located, that is, set Z normally 
contains one-sixth of all of the available frequencies. Also define S as the set of frequencies 
already in use in the sector of interest, and also defme a set I as the set the fi^uencies in use in 
any of the three nearest interfering outer sectors of homologous cells. 

The basic assignment algorithm then proceeds as follows. If the new mobile is in an 
inner sub-sector, then a frequency for the new mobile is selected from the set of all frequencies 
which are not already in use, namely the set Zrv-S. 

If however, the new mobile unit is in an outer sub-portion of the sector, then the base 
station first determines a set of frequencies consisting of a set, I, which is a union of all 
frequencies in use in the three interfering homologous outer sectors. If the set of frequencies in 
the set I is less than the endre assigned frequency set Z, then any fiiequency in the set assigned to 
the sector but which is not already in use in the homologous sectors, namely the set Zrv-I, may 
be assigned to the new mobile. 

In the event, however, that all of these are already in use, that is, in the event diat the set 
Z equals the set I, then an in-sector hand-off is performed. The in-sector hand-off attempts to 
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swap a frequency already assigned to a mobile in the inner sub-sector to the new mobile, in an 
attempt to avoid assigning a frequency which would otherwise conflict with the outer sectors in 
the homologous cells. In that case, a frequency in the set Zrv-I is thus freed for the new mobile 
in the outer sector, and any frequency in the set I can then be assigned to the existing inner sector 
mobile. 

Finally, if the set Zrv-I is empty, that is, if no potentially non-interfering frequencies are 
available, then the new mobile is simply assigned any available frequency in the set Irv-Z which 
shows minimum interference from among all channels available in In-Z. 

There are a number of possible variations which do not depart from the true spirit and the 
scope of the invention. 

The frequency plan may assign the six frequency groups to the sectors of each cell such 
that no adjacent channel sets are in use along any cell or sector boundaries. 

In another variant, the above-described frequency assignment process may consider not 
only the inbound interferers in the three nearest outer sub-sectors of the homologous cells, but 
may also consider the interference which may arise due to an outer sector frequency assignment 
in which creates interference m neighboring non-homologous ceils. 

In yet another alternative, the boundary between the inner and outer sub-sectors may be 
adjusted to something other than the distance which divides the area in the sector in half, that is, 
something other than 0.707 of the cell radius. By so adjusting this boundary, an increase in the 
carrier to interference (C/I) level in one cell can be traded off against a decrease in carrier to 
interference level experienced by neighboring homologous cells. 

The information necessary to ascertain the members of the set I may be collected in 
various ways. It may be determined at a centralized base station controller by collecting data 
made available from frequency assignments made in all cell sectors. However, when this is not 
possible, such as when all cells in the service area are not under control of a single base station 
cluster controller, then an individual base station may use a scanning receiver and an omni- 
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directional antenna to determine which frequencies are aheady in use in the outer sectors of the 
interfering homologous cells. 

Brief Description Of The Drawings 

For a more complete understanding of the invention and its novel advantages and 
features, reference should be made to the accompanying drawings in which: 

Fig. 1 is a block diagram of a wireless conununication system according to the invention; 

Fig. 2 is a block diagram of the arrangement of one of the base stations of Fig. 1 ; 

Fig. 3a is an illustration of a frequency assignment scheme according to the invention 
wherein the available frequencies are divided into six groups, with two groups assigned to the 
sectors of each cell, so that frequencies are reused eveiy three cells; 

Fig. 3b is an illustration of the frequency assignment plan showing the locations of the 
three nearest interfering outer sub-sectors in homologous cells; 

Fig. 4 illustrates how frequency assignments to mobile units in an outer portion of a 
sector are chosen from among frequencies not in use in three nearest interfering outer sub- 
sectors; 

Fig. 5 is a detailed frequency plan showing a preferred assignment of frequency groups to 
sectors such that no adjacent channels are used along any cell or sector boundaries; 

Fig. 6 depicts the manner in which the assignment of a frequency to a new mobile 
depends upon the existing assignments of frequencies in the outer sectors of homologous cells 
and/or non-homologous cells; and 

Fig. 7 is a flow chart of a procedure used by a base station controller to assign frequencies 
to mobile units. 
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Detailed Description Of a Preferred Embodiment 

Turning attention now to the drawings. Fig. 1 illustrates a cellular conununication system 
10 in which the invention may be advantageously employed. The system 10 includes a plurality 
of antenna sites or base stations 12 with each base station 12 being associated with a sub-area, or 
cell, of the entire geographical area assigned to the service provider. 

A number of the base stations 12-1, 12-2, 12-3,...,12-n are arranged in a group, or cluster. 
A cluster controller 14 and a mobile telephone exchange 16 provide connections between the 
base stations 12 in a cluster and a public switched telephone network 18. The system 10 thus 
permits mobile units 20-l,...,20-p to communicate with each other or with other devices that may 
be connected to the telephone network 18. The cluster controller 14 is responsible for 
coordinating these connections by coordinating the operation of the base station 12 and the 
telephone exchange 16, to set up the appropriate interconnection between the subscribers of the 
landline telephone exchange 1 8 and the mobile units 20, in a manner which is well known. 

Fig. 2 is a more detailed view of one of the base stations 12. As shown, the exemplary 
base station 12 includes six sector antennas 22-1, 22-2, 22-3, 22-4, 22-5, and 22-6. Each of the 
sector antennas 22 is provided to support radio conununication with mobile units 20 located 
within one of the sixty degree (60*=*) sectors of the cell being serviced by the base station 12. 
Each of the sector antennas is in turn connected to a corresponding multichannel transceiver 24- 
1^ 24-2,...,24-6. In accordance with the present invention, the components of each base station 
12, including the sector antennas 22 and transceivers 24 are located substantially in the center of 
a respective one of the cells of the cellular communication system 10. 

The multichannel transceivers 24 operate in conjunction with a base station controller 26 
to provide required filtering, modulation and demodulation functions so that the radio signals 
received fi^om and provided to the mobiles 20 may be individually isolated and connected to the 
PSTN 1 8. Preferably, the frequency coverage of each transceiver 24 is wideband, so that a 
contiguous group of channels is available at the output of each transceiver 24. For example, each 
transceiver 24 may process 5 MHz of the bandwidth available in an Advanced Mobile Phone 
Service (AMPS) type system, to provide 166-30 kHz bandwidth channel signals. 
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In addition, an omni-directional antenna 23 may be connected to a control signaling 
receiver 28 to pemiit transmission and reception of control signals between the base station 
controller 26 and the mobiles 20. The control signals are those required in any conventional 
cellular system, such as those signals required to set up a connection with the telephone network 
18. For example, when a mobile unit 20 first requests service, it issues a control signal which is 
received by the onmi-directional antenna 23 and control signaling transceiver 28, and forwarded 
to the base station controller 26. The base station controller 26 then determines a frequency 
assignment for the new mobile unit, and arranges for the multichannel transceivers 24 and sector 
antenna 22 servicing the sector in which the mobile imit is located to handle communications 
with the mobile unit 20. 

As illustrated in Fig. 3a, a given area for which the system 10 is to provide 
conununication services is organized into hexagonal cells 32, with each cell 32 being further 
divided into six sectors 36. A sector antenna 22 (Fig. 2) and multichannel transceiver 24 are thus 
associated with each sector 36 in a given cell 32. 

o 

In accordance with one aspect of the invention, frequency assignments are made to 
sectors of each of the cells, and are repeated for a given number of cells. In the embodiment 
described herein, the cell assignments are repeated for groups 34 of three cells, such that an 
exemplary group 34 consists of cells 32-1, 32-2, and 32-3. These groups 34 thus form patterns of 
homologous cells, such as cells 32-1, 30-1, and 33-1, which have the same frequency assignment 
pattern. 

Also note that in Fig. 3a, the sectoring of a three cell reuse scheme in this manner allows 
only one-third of all available frequencies to be used in any given cell 32. However, since each 
frequency is used in three sectors 36 within each cell 32, a frequency plan according to the 
invention is thus effectively a one-cell frequency reuse plan. 

The three cell repeat pattem results in six surrounding homologous cells providing 
interfering signals each at a distance of only three cell radii away, as shown in Fig. 3a. In order 
to overcome this difficulty, which would otherwise result in a desired signal to interface (C/I) 
ratio which is unacceptable, the frequencies assigned to each cell are further partitioned into two 
sets, A and B. The sets A and B are then assigned to alternate sectors within each cell, as 
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illustrated. An exemplary cell 32-1 thus consists of six sectors with alternate frequency set 
assignments A and B made to adjacent cells. 

Fig. 3b illustrates how this frequency assignment technique reduces the number of 
interfering signals fit)m homologous cells by one half for any given frequency. 

For example, the sectors 36-1, 36-3,...,36-5 which have been assigned to use frequency 
set A in cell 32-1, only have three interfering homologous sectors 36-10, 36-1 1, and 36-12 
located in cells 32-10, 36-10, and 36-12, respectively. Likewise, the sectors of cell 32-1 to which 
frequency group B has been assigned, namely sectors 36-2, 36-4, and 36-6, each receive 
interference from the nearest homologous sectors 36-20, 36-21, and 36-22 located in cells 33-20, 
32-2 1 , and 32-22 respectively. 

Fig, 5 is a plot, corresponding to Fig. 3a, but showing one specific preferred grouping all 
of the six sets of frequencies in a given cell group 34 according to the invention. As explained 
previously, the range of frequencies in the radio band available to the service provider are 

c 

divided into six orthogonal groups. Assuming that the chaimel numbers are assigned to 
frequencies consecutively, and that the channel numbers increase by one across all available 
frequencies, a given channel group Gi comprises all channels with numbers congruent to i 
modulo 6. In other words, if the center frequencies of the available channels are given integer 
numbers beginning with number 1, the set Gl consists of frequency numbers [1, 7, 13,...], the set 
G2 consists of the frequency numbers [2, 8, 14, ..], and so on, with the set G6 consisting of 
frequency numbers [6, 12, 18, ...]. 

This group assignment scheme insures that no adjacent frequencies are used along any 
cell or sector boundaries. For example, in an exemplary sector 36-2, which has been assigned a 
frequency group G3, only frequencies in groups GO, G5, and Gl appear along the boundaries. 
Thus, there is always at least one unused frequency between active frequencies, thereby avoiding 
adjacent channel interference in adjacent cell sectors. 

This arrangement is in contrast to a standard seven cell reuse scheme, which results in 
adjacent channel interference along two boundaries of adjacent cells. 
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In a further attempt to reduce interference between homologous sectors in accordance 
with the invention, frequency assignments to specific mobile units are preferably made 
depending upon the location of the mobile unit within the sector. In particular, as shown in Fig. 
4, an exemplary sector 36-2 is logically divided into an inner and outer sub-sector 38-1 and 38-0 
respectively. In the preferred embodiment, the dividing line between the inner sector 38-1 and 
outer sector 38-0 is located such that the physical area devoted to the iimer 38-1 and the outer 38- 
O sub-sectors is the same. This assures that, on average assuming a uniform density of mobile 
traffic, one-half of the mobiles are located inner sub-sector. 

In the alternative, an S/I measurement may be made by the basestation when a mobile 
unit first requests frequency assignment so that the mobile units operating above a certain receive 
power level will be considered to be in the inner sector 38-1, and other mobiles operating below 
this threshold amount will be considered to be in the outer sector 38-0. 

Briefly, the frequency assignment process proceeds as follows. First, if the mobile unit is 
located in an inner portion of a sector, then any imused frequency in the set (e.g., one of the sets 
Gl, G2, 06) assigned to the sector is selected. 

If, however, the mobile unit is located in an outer portion of the sector, a frequency 
assignment is made such that frequencies in use in the outer portions of the sectors in 
homologous cells are mutually exclusive. 

Failing that, an in-sector hand-off is performed, to reassign a frequency presently in use 
in the inner sector to the new mobile which satisfies the mutual exclusivity of cells criterion, and 
then the inner sector mobile is given any available frequency in the set assigned to the sector. 

Tumuig attention now to Figs. 6 and 7, this process for determining how newly assigned 
frequencies from the six sets are allocated within each cell will be described in greater detail. 
Referring first to Fig. 6, a sector 36-5 in which a new mobile assignment to be made is shown 
together with the locations of the three interfering homologous sectors 36-10, 36-1 1, and 36-12. 
In the following discussion, the set of all frequencies assigned to for use in a particular sector of 
interest, such as sector 36-5 is given by the variable Z; the set of frequencies already in use in the 
sector of interest 36-5 are referred to as the set S; and the set of frequencies in use in the outer 
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sectors of the three homologous cells, namely the outer portions of sectors 36-10, 36-11. and 36- 
12, are designated by the sets Oj, O2, and O3 respectively. The union of these three sets, with 
represents all of the frequencies in use in the outer sectors of the three nearest homologous cells, 
is referred to as the set L 

With that understanding, the steps of a frequency assignment procedure performed by the 
base station controller 26 are shown in Fig. 7. In a fu:st step 100, the base station controller 26 
performs a set of operations to maintain the frequency sets Z, S, and Oi, O2, and O3 for each 
sector. 

This may be done by, of course, monitoring which frequencies in the set Z are assigned to 
be used as mobile units come on line in each sector of the base station 12, and by periodically ., 
exchanging messages with the other base station controllers 26 that indicate which frequencies 
are in use in the other base stations 12. 

Control eventually passes to a step 101, wherein a mobile unit 20 is requesting service 
from the base station 12. 

In step 102, the controller 26 first determines which sector 36 the mobile 20 is in, and 
whether it is in the inner or outer portion of that sector 36. The sector determination can be made 
in any conventional fashion, such as by comparing the received signal strength indication (RSSI) 
of the control signals received when the mobile requests access at each of the sector antennas 22 
associated with the base station 12. The sector 36 associated with the antenna 22 providing the 
strongest RSSI is then assumed to be the sector in which the mobile 20 is located. 

The inner 38-1 or outer 38-0 sub-sector determination may then be made, by comparing 
the RSSI from the corresponding sector antenna 22 to a threshold value. 

If the RSSI is strong enough to indicate that the mobile 20 is located in an inner sector in 
step 1 03, then control passes to step 104 where a frequency is assigned to the new mobile from a 
Z n - S, that is, the compliment of set S in Z. In other words, the new mobile is assigned any 
unused frequency in the set Z which is not already in use. 
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If however, the new mobile is located in the outer sub-sector 38-1, then control passes to 
step 1 06 where the first operation is to determine the members of the set of all frequencies in use 
in the three closest interfering homologous cells. As was illustrated in Fig. 3b, this set I consists 
of each of the frequencies in sets 0|, O2, and O3 representing the frequencies in use in the 
homologous outer sub-sectors 36-10, 36-1 1, and 36-12 respectively. 

In the next step 107, it is determined whether the membership of set I is less than the 
entire assigned frequency set, Z. If so, then frequencies are still available for use and the base 
station can chose a frequency for the new mobile to be any of the frequencies in the set Z n 1. 

If the set Z n - 1 is empty, then the new frequency must be otherwise determined. If, for 
example, Z n - 1 < S, then an in-cell handoff can be performed. In this event, a sector hand-off 
procedure is performed in step 109, where an existing inner sector mobile is reassigned a 
frequency in the set I, and in step 1 10, where the previous inner sector mobile frequency is now 
assigned to the new mobile unit in the outer sector. 

o 

If, however, the test in step 108 was not true, that is, if the set Z n - 1 is empty, indicating 
that no frequencies are available in set Z which are not in use in the outer sub-sectors of the 
homologous cells, then any frequency in the set Z n - S may be assigned to the mobile unit in 
step 1 11 , that.is any frequency not in use in the current sector. 

There are a number of possible variations associated with particular steps of the process 
described in Fig. 7. First, the information maintained in step 100 may be determined in various 
ways. For example, when it is not possible for the base station controller 26 to request data 
concerning the frequency assignments of adjacent base stations 12 by making an inquiry to the 
cluster controller 14, such as in an instance where the base stations 12 are not all under control of 
a single base station cluster controller 14, then the base station 12 can make use of a scanning 
receiver 28 and omni directional antenna 23 (Fig. 2) to measure a receive signal strength 
indication (RSSI) in the frequency range of interest, to determine which frequencies appear to be 
in use. 

Secondly, in step 102, the determination as to whether the mobile is an inner or outer 
portion of the sector can be made by other than a median distance determination. In particular. 
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the receive signal strength indication (RSSI) level mdicating the demarcation between inner and 
outer sector mobiles can be changed as needed. This perauts a local carrier to interference (C/I) 
raUo in one of the sectors in one of the base stations 12 to be traded off for a greater or lesser CVI 
ratio experienced by neighboring homologous cells. 

Thirdly, in the process of determining a new frequency for use in outer sub-sector in steps 
1 08 through 1 1 1 , a potential for outbound interference can be accommodated. This is the 
interference which might otherwise arise in neighboring homologous cells which do not 
themselves have sectors pointed toward the sector of the new assignment. In particular, the 
frequency assignment process may also attempt to assign a frequency from the set Z n - 1 which 
is not also in use in the outer sub-sectors 36-30 and 36-31 (Fig. 6) of the nearest non-homologous 
cell which are in the direct beamwidth of the sector 36-5 under consideration. 

The invention thus provides a number of unique advantages for a cellular frequency reuse 

plan. 

o 

The three-cell frequency reuse scheme with sectoring and dynamic frequency assignment 
provides carrier interference ratios superior to standard seven-cell reuse. 

The frequency set assignments can be made among sectors to provide adjacent channel 
interference superior to even seven cell reuse plans, especially where frequency channels are not 
interieaved. 

By reusing each frequency three times in a given cell with a three cell repeat pattern, the 
equivalent of one cell frequency reuse is achieved, and this advantage is obtained without 
dynamic antenna beam forming, requiring rather complex antenna techniques. 

The foregoing description has been limited to specific embodiments of this invention. It 
is apparent, however, that variation and modifications may be made to the invention as described 
above with the attainment of some or all of its advantages. 



What is claimed is: 
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CUIAdS 

1 . A cellular conununication system consisting of a plurality of cells, the plurality of 
cells being located substantially adjacent to one another, with each cell containing a plurality of 
antennas centrally located in the cell and radiating into sixty-degree (60**) sectors of the cell, to 
thereby provide six sectors per cell, the system comprismg: 

means for grouping available frequencies into six groups, with the assignment of 
frequencies to frequency groups being exclusive such that any one available frequency is only 
assigned to one group; 

means for providing uniform reuse of the six frequency groups in the cells by selecting at 
least two of the six frequency groups to be used in at least one of the cells so that only two 
groups are used in any given cell, to thereby form sets of homologous cells having the same two 
frequency groups assigned thereto; 

means for assigning the two frequency groups in at least one of the homologous cells to 
alternate sectors in each cell, such that no two adjacent sectors in the same cell are assigned the 
same one of the two frequency groups; and 

means for determining when a mobile unit in one of the cells is requesting access to the 
system and is whether the mobile unit is located in an inner portion or outer portion of one of the 
sectors; and 

means for assigning a frequency to the mobile unit depending upon whether the mobile 
unit is located in an inner or outer portion of the said one of the sectors. 

2. A cellular conununication system as in claim 1 wherein the means for providing 
uniform reuse assigns three sets of two frequency groups in a repeating pattern of three cells 
apiece, to thereby provide an effective one-cell reuse pattern. 

3. A cellular communication system as in claim 2 wherein the means for providing 
uniform reuse assigns three sets of two frequency groups in a repeating pattern of three cells 
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apiece such that no frequency groups containing adjacent frequencies arc positioned along any 
cell or sector boundary. 

4. A cellular conununication system as in claim 1 additionally comprising: 

means for determining which frequencies are in use in an outer sector of at least one 
homologous cell; and 

wherein the means for assigning a frequency to the mobile unit assigns a frequency to the 
mobile unit which is not in use in the outer portion of the homologous cell. 

5. A cellular communication system as in claim 4 wherein the means for determining 
additionally determmes which frequencies are in use in the nearest outer sectors of the three - 
nearest homologous cells. 

6. A cellular communication system as in claim 1 wherein the means for determining 
whether the mobile unit is in an inner portion or outer portion of the sector compares a receive 
signal strength indication, or RSSI, against a predetermined threshold value. 

7. A cellular conununication system as in claim 6 \ydierein the predetermined threshold 
value is selected so that an inner portion of the sector encompasses approximately the same area 
as an outer portion of the sector. 

8. A method for assigning a frequency to a mobile unit in a cellular conununication 
system, the cellular communication system employing a number of base stations that each 
mclude an array of six directional sector antennas, the sector antennas being centrally located in 
each cell to radiate into a sub-portion of the cell including a sixty (60) degree arc, and wherein 
each sector has a group of frequencies assigned to it that is the same as the group of frequencies 
assigned to two of the other sectors within that same cell which are not adjacent to the said 
sector, so that there are two different groups of frequencies assigned to each cell, and wherein 
the assignment of frequencies to sectors is repeated in homologous groups of three cells, to 
effectively provide the same reuse level as a one-cell frequency reuse pattern, the method 
comprising the steps of: 
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deteraiining when a new mobile unit is requesting service fcom the cellular 
communication system; 

detecting the sector within which the mobile is located by measuring a receive signal 
strength indication, or RSSI, of a signal received fix)m the new mobile imit at each of the sector 
antennas; 

detecting whether the new mobile unit is located in an inner sub-sector or outer sub-sector 
of the sector, by comparing the R5SI to a predetermined threshold value; and 

if the mobile unit is located in an outer sub-portion of the sector, assigning a frequency to 
the mobile unit which is not in use in the outer sub-sectors of adjacent homologous cells. 

9 . A method as in claim 8 additionally comprising the step of: 

if the mobile is located in the inner sub-sector, then assigning any frequency which is not 
already in use in the sector from the frequency set assigned to the sector. o 

10. A method as in claim 9 additionally comprising the step of: 

if the mobile unit is located in an outer sub-portion of the sector, and it is not possible to 
assign a frequency which is not in use in the outer sub-sectors of the adjacent homologous cells, 
then performing an in-sector hand-off by reassigning a frequency previously assigned to one 
other operating mobile unit located in the inner sub-sector to the new mobile. 

1 1 . A method as in claim 1 0 wherein the step of performing an in-sector hand-off 
additionally assigns any frequency from the set assigned to the sectors to the other operating 
mobile located in the iimer sub-sector. 

12. A method as in claim 8 additionally comprising the step of: 

assigning frequency groups to the sectors of each cell such that no adjacent channel sets 
are in use along any cell or sector boundaries. 

13. A method as in claim 8 wherein the step of assigning a frequency to a mobile unit in 
the outer sub-sector additionally comprises the step of assigning a frequency to the outer sector 
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mobile which is also not in use in at least one of the outer sub-sectors of a nearest non- - 
homologous cell. 

14. A method as in claim 8 wherein the predetermined threshold amount is selected such 
that a boundary between inner and outer sub-sectors is located at a position which divides the 
area of the sector into equal area sub-sectors, so that on average one-half of the mobile units are 
located in each of the inner and outer sub-sectors. 
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